Background/Aims: TP63 was believed to play an important role in the development of many malignancies, while the polymorphisms located at the miRNA binding sites within the 3'UTR of TP63 mRNA may interfere with its expression. In this study, we aimed to study the role of TP63 regulation in the tumorigenesis of gastric cancer (GC). Methods: Computational and luciferase analysis were used to search and confirm the target of miR-140. Real-time PCR, westernblot, MTT assay, and flow cytometry cell cycle analysis were utilized to explore the molecular pathway of miR-140 involved in the progression of GC. Results: TP63 was identified as a direct target gene of miR-140. In HT-29 cells over-expressing miR-140, the luciferase activity was decreased when the cells were transfected with wild-type TP63 3'UTR, but remained unchanged when the cells were transfected with mutant 1 and mutant 2 TP63 3'UTR. In addition, the level of TP63 in HT-29 cells transfected with miR-140 mimic was evidently down-regulated, whereas the level of TP63 in HT-29 cells transfected with miR-140 inhibitor was significantly up-regulated. Furthermore, based on the results from MTT assay and flow cytometry cell cycle analysis, HT-29 cells transfected with miR-140 mimics were associated with significantly higher viability compared to the cells transfected with the control plasmid, suggesting that an increased expression of miR-140 protected HT-29 cells against apoptosis. Finally, when miR-140 expression was high, the number of cells at the G1 phase was notably increased, accompanied by a remarkably diminished number of cells at the S phase. Conclusions: The rs35592567 polymorphism in TP63 affected the expression of TP63 by interfering with its interaction with miR-140, and could serve as an explanation for the increased risk of GC.
Introduction
Gastric cancer (GC) is the third most frequently diagnosed cancer in the world and the second most deadly cancer in both males and females [1] . GC greatly affects public health and caused about 231, 193 deaths in China in 2008 [2] . The prognosis of GC remains poor even though significant progresses have been made in the treatment of GC. A majority of GC cases are diagnosed in their late stage and the five-year survival rate remains at only 20%-30% [3] . A study has shown that squamous dysplasia and carcinoma may be originated from the basal cells of the esophageal squamous epithelium, and that p63 may be critical in esophagus squamous carcinogenesis [4] . By assaying the expression of p63 in keratinocyte cultures and murine tissues, some studies showed that p63 functions as a marker of precursor cells and may play a regulatory role in the epithelial proliferation and differentiation of cancer cells [5, 6] . Such hypothesis is also supported by the severe derangements of epithelial development in mice harboring a mutation of the p63 gene [5] .
As single stranded and evolutionarily conserved non-coding RNAs, microRNAs (miRNA) have been shown to modulate the expression of their target genes and thus are implicated in a variety of biological processes, such as stem cell development, cell differentiation, proliferation, apoptosis, and tumorigenesis [7] .
Single-nucleotide polymorphisms (SNPs) are the most common type (∼90%) of variants in the human genome. It is clear that miRNAs can bind to the cis-regulatory regions in the 3′-UTRs of their target genes to modulate gene expression. The complementarity between a miRNA and the corresponding region in its target mRNA(s) can be changed by a nucleotide variant in the 3′UTR sequences, hence impacting the affinity of miRNA binding. Therefore, these 3′UTR-SNPs may lead to variations in the expression of their target genes [8] .
Abnormal miRNA expression was found in the development and progression of different cancers, such as esophageal cancer and GC [9, 10] . GC is caused by multiple factors, including the interaction between environmental factors and multiple genes. On the other hand, miRNAs are main regulatory factors of the epigenome and are related to the alterations in many disease phenotypes [11] . Thereby, an early GC diagnosis and classification as well as a better GC prognosis may be achieved by identifying the miRNAs involved in the tumorigenesis of GC. For example, 9 miRNAs have been demonstrated to affect the overall survival of GC. In addition, it has been shown that a single nucleotide polymorphism (SNP) (rs35592567) in the miR-140 binding site within the 3'UTR of TP63 led to an elevated risk of bladder cancer [12, 13] . Therefore, it is hypothesized in this study that rs35592567 may affect the interplay between miR-140 and TP63 mRNA ,and the minor allele of rs35592567 may increase the risk of GC.
Materials and Methods

Sample collection
Peripheral blood samples from two groups of bone fracture patients were collected post their surgery, using a Lymphocyte Separation Medium (Human) (Applygen Technologies Inc. Beijing, China). A total of 1, 150 volunteers were enrolled in our research, which consisted of 621 GC patients and 529 healthy subjects. The demographic and clinicopathological characteristics of these participants, such as age, sex, tumor stage and tumor grade, were summarized in Table 1 . All procedures of this study were approved by the Ethics Committee at our institute and performed according to the Declaration of Helsinki. All participants of this study signed the form of informed consent.
Genotyping Taqman assay
A QIAmp Kit (Qiagen, Valencia, CA, USA) was utilized to isolate genomic DNA from the peripheral blood samples collected from the subjects. A PCR-based direct DNA sequence analysis was used to locate the SNP (rs35592567) using an ABI 7900HT Real-Time PCR System and a TaqMan SNP Genotyping assay (Applied Biosystems, Foster City, CA, USA).
RNA isolation and real-time PCR
A RNeasy total RNA isolation system (QIAGEN, Valentia, CA, USA) was utilized to extract the total RNA from cultured cells. A RNA PCR kit containing avian myeloblastosis virus RTase (Takara, Tokyo, Japan) was utilized to synthesize TP63 cDNA from 2 μg RNA, using a mixture of 5 mmol/L MgCl 2 , 1 mmol/L dNTP, 0.25 U/μL reverse transcriptase, and a single-strength RNA PCR buffer containing 50 mmol/L KCl, 10 mmol/L Tris-HCl, and 2.5μmol/L oligo dT primer. Before PCR amplification, the above mixture was incubated for 40 min at 42℃, and then heated for 5 min at 99℃ before being chilled on ice. A thermal cycler (Perkin-Elmer, Hayward, CA, USA) was utilized to amplify the TP63 cDNA using 80 μL of the mixture containing the single-strength RNA PCR buffer, 2.5 U of Taq DNA polymerase, 4 mmol ⁄L MgCl 2 , and 0.2 μmol/L of each primer. The conditions of the thermal cycle was set as follows: 15 min at 95℃for initial activation, followed by 60 s at 94℃for denaturation, 60 s at 53℃ for annealing, and 120 s at 72℃ for extension. An ABI 7900HT Sequence Detection System (Applied Biosystems, Foster City, CA) was used in conjunction with SYBR-Green I (Qiagen, Hilden, Germany) to perform real-time PCR and measure the expression of miR-140 and TP63. 1.5% agarose gel electrophoresis was utilized to separate PCR products. The NIH Image software (National Institutes of Health; Bethesda, MD, USA) was utilized to perform densitometric scanning and to calculate the expression of target genes. GAPDH and U6 were served as internal control. All experiments were carried out in triplicates.
Cell culture and transfection RPMI containing 10% heat-inactivated FBS (fetal bovine serum), 50 U/mL streptomycin, 50 U/mL penicillin and 2 mM glutamine (Euroclone, UK) was used to culture HGC-27 and BGC-823 cells at 37℃in a humidified atmosphere containing 5% CO 2 /95% air. Prior to transfection, the cells were grown to 10, 000 cells/cm 2 and were transfected with miR-140 mimic or inhibitor (Life Technologies, Italy), TP63 siRNA, or a scramble control using the Attractene Transfection Reagent (Qiagen, Hilden, Germany). All tests were carried out in triplicates.
Cell proliferation assay
The viability of HGC-27 and BGC-823 cells was examined using a modified MTT (3-[4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide) assay. In brief, cultured cells were transfected with miR-140 mimic or inhibitor, and returned into the incubator for 48 hours of additional culture. Subsequently, 10μL MTT AB solution (Millipore, Billerica, MA, USA) were added into each well, followed by 4 hours of additional incubation. An ELISA reader (ELX-800 type, Bio-Tek, Vermont, USA) was utilized to measure the optical density of the cells at 570 nm and to quantify cell proliferation. Each experiment was repeated three times.
Luciferase assay
The full fragment of TP63 3'UTR containing the potential binding site of miR-140 was amplified using PCR and the binding site was mutated using a Quik-Change Site-Directed Mutagenesis Kit (Stratagene, LaJolla, CA, USA). Subsequently, wild-type and mutant TP63 3'UTR was inserted into a pGL3-control vector (Promega, Madison, WI) immediately downstream of the luciferase reporter gene to generate different Lu/Yang/Ma: Rs35592567 is Associated with Gastric Cancer Risk luciferase constructs. The cells were plated into 96-well plates at a final density of 1×10 5 cells/well and cultured for 12 hours, followed by co-transfection with 0.5 mg pGL3 constructs, 0.07 mg pRL-CMV plasmids (Promega, Madison, WI), and a miR-140 mimic or inhibitor. The transfection was carried out using Lipofectamine 3000 (Invitrogen, CA, US). At 48 hours post-transfection, a Dual Luciferase Reporter Assay System (Promega, Madison, WI) was utilized to measure the activity of firefly and renilla luciferase. The expression of different constructs was calculated by normalizing the firefly signal to the activity of renilla luciferase. Each test was repeated three times.
Western blot analysis
A RIPA buffer (Thermo Scientific, Waltham, MA, USA) was used to lyse the cells at 48 hour after transfection. A BCA assay (Thermo Scientific, Waltham, MA, USA) was utilized to measure the protein concentration. The lysates were re-suspended in a loading buffer and denatured for 10 min at 100℃. 10 % SDS-PAGE was utilized to separate 20 μg proteins, followed by electric transferring of the proteins onto PVDF membranes at 90V for 120 min. A TBST buffer (0.1 % Tween-20) containing 5 % fat free milk was utilized to block the membranes at room temperature for 120 min. Subsequently, the membranes were incubated in anti-β-actin antibody (1:8000, Sigma, St. Louis, MO, USA) and rabbit polyclonal anti-TP63 antibody (1:5000, Abcam, Cambridge, UK) for 12 hours at 4℃. The protein bands were visualized using horseradish peroxidase (HRP)-labeled anti-rabbit secondary antibodies (1:15000, Sigma, St. Louis, MO, USA). The auto radiographs were quantified using a Chemiluminescence assay (Amersham Pharmacia Inc, Piscataway, NJ, USA) . Each independent test was carried out three times.
Cell apoptosis
The apoptosis of cultured cells was evaluated using a FITC Annexin V Apoptosis Detection Kit and PI (Biolegend, San Diego, CA). At 48 hours after the cultured cell were transfected with a miR-140 mimic or inhibitor, the cells were harvested and washed twice in a cold BioLegend's Cell Staining Buffer (Biolegend, San Diego, CA). Subsequently, the cells were resuspended in an Annexin V Binding Buffer (Biolegend, San Diego, CA) at a final density of 1~2×10 5 cells per well. The cells were then stained in 5 μL of FITC Annexin V and 10 μL of propidium iodide (Biolegend, San Diego, CA) for 15 min in dark and at room temperature. Finally, the cells were suspended in 400 μL of Annexin V Binding Buffer (Biolegend, San Diego, CA) and analyzed by flow cytometry. Each experiment was repeated three times.
Cell cycle analysis
The cultured cells were trypsinized using a Cycle TESTPLUS DNA reagent kit (BD Biosciences, San Jose, CA, USA) and stained in propidium iodide. A FACS Calibur (BD Biosciences, San Diego, CA) and FlowJo 7.6 software (Tree Star, Ashland, OR, USA) were utilized to analyze the stained cells. Each independent test was repeated three times.
Statistical analysis
All experiments were carried out three times and all data were shown as mean ± SD (standard deviation). Prism 4 (GraphPad Software Inc., CA, USA) was used to perform all statistical analyses. ANOVA (two-way analysis of variance), student t-test and Bonferroni's or Dunnett's multiple comparison test were utilized to compare the results. A P values of <0.05 was considered statistically significant.
Results
Demographic, clinicopathological and genotypic parameters of the participants recruited in this study SPSS version 16.0 software and student t test were used to analyze the demographic and clinicopathological characteristics among the participants from the two groups, and no significant difference was observed with respect to age, sex, tumor stage and tumor grade. Using a logistic regression analysis based on a recessive genetic model rather than a dominant model, it was found that the rs35592567 polymorphism in the TT genotype was closely associated with an increased risk of GC, as shown in Table 2 . Fig. 1, TP63 was identified as a putative target for miR-140, with a complimentary binding site located in the 3'UTR of TP63. Subsequently, the 8bp putative target site (seed sequence) in TP63 was mutated and named Mutant 1 TP63, followed by a C-to-T substitution carried out at one base of this 8bp putative target site, with the product named as Mutant 2 TP63.
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TP63 was confirmed as a direct target of miR-140
In the next step, reporter constructs containing wild-type TP63, Mutant 1 TP63 or Mutant 2 TP63 were co-transfected into HGC-27 and BGC-823 cells with miR-140, and the relative luciferase activity in these cells was measured. As shown in Fig. 2 , in both HGC-27 ( Fig. 2A) and BGC-823 (Fig. 2B ) cells, the luciferase activity of wild-type TP63 in cells over-expressing miR-140 was significantly decreased as compared with the negative control (NC), whereas the luciferase activities of Mutant 1 TP63 or Mutant 2 TP63 in cells over-expressing miR-140 displayed no apparent change, indicating that TP63 acted as a direct target of miR-140 and the binding of miR-140 to TP63 was dependent on the C allele located in the 8bp sequences.
MiR-140 downregulated endogenous TP63 expression in HGC-27 and BGC-823 cells
To further test whether miR-140 could negatively regulate TP63 expression in HGC-27 and BGC-823 cells, the effect of miR-140 expression on the endogenous level of TP63 mRNA and protein was examined in HGC-27 and BGC-823 cells transfected with an miR-140 mimic or inhibitor. As shown in Figs. 3 and 4 , the over-expression of miR-140 in HGC-27 ( Fig. 3) and BGC-823 (Fig. 4) cells dramatically inhibited the expression of both TP63 mRNA (Figs. 3A and 4A) and protein (Figs. 3B and 4B) . Similarly, the downregulation of miR-140 in HGC-27 ( Fig. 3) and BGC-823 (Fig. 4) 
Functions of miR-140 in HGC-27 and BGC-823 cells
Subsequently, the impact of miR-140 on cell viability, apoptosis and cell cycle was evaluated by transfecting HGC-27 and BGC-823 cells with either a miR-140 mimic, a miR-140 5B ) and BGC-823 cells (Fig. 6B ). As shown in Figs. 5C and 6C, the number of HGC-27 ( Fig. 5C ) and BGC-823 cells (Fig. 6C) at the G1 phase was notably increased upon miR-140 over-expression, accompanied by a significantly decreased number of HGC-27 ( Fig. 5C ) and BGC-823 cells (Fig. 6C) at the S phase. All these results suggested that miR-140 inhibited cell proliferation by arresting HGC-27 and BGC-823 cells at the G1 phase, thus enhancing the apoptosis of HGC-27 and BGC-823 cells.
Discussion
The expression characteristic of miR-140-5p in normal and tumor tissues suggested its potential role of tumorinhibition in many cancers [14] . Zhai et al. showed that the tumor formation and metastasis ability of colon cancer stem cells can be abolished by the overexpression of miR-140-5p, which directly affected a target known as Smad2 [15] . In addition, primary tumor tissues showed a progressive loss in miR-140-5p expression as compared with that in normal colorectal mucosa, whereas tissues affected by liver metastasis were associated with a further decreased expression of miR-140-5p. Furthermore, an elevated miR-140-5p expression was found to be closely related to a better prognosis in stage III and IV CRC patients. In contrast, Mosakhani et al. discovered that the upregulation of miR-140-5p was closely associated with worse overall survival in metastatic CRC patients harboring a wild type KRAS/BRAF [15] . In addition, downregulated miR-140-5p expression was closely related to poorer overall survival, an advanced clinical stage and lymph node metastasis [16] .
It has been shown that miR-140-5p functions as a tumor suppressor in hepatocellular carcinoma, tongue squamous cell carcinoma, and nonsmall cell lung cancer [17] [18] [19] . For example, in lung cancer, cancer cell proliferation was suppressed by miR-140-5p that targeted MMD and inhibited the activation of the MAPK signaling pathway [20] . Furthermore, miR-140-5p alleviates the metastasis and progression of tongue squamous cell carcinoma by down-regulating the expression of PAX6, HDAC7 and LAMC1 [21] . MiR-140-5p also inhibited the proliferation and metastasis of HCC by suppressing the MAPK signaling pathway [22] , while the overexpression of miR-140-5p triggered the apoptosis of ovarian cancer cells and substantially suppressed their proliferation [23] . In this study, a computational analysis was performed to identify TP63 as a putative target of miR-140. Subsequent luciferase assay in HGC-27 and BGC-823 cells confirmed that TP63 acted as a direct target of miR-140. Furthermore, realtime PCR and western-blot analysis were performed to explore the relationship between miR-140 and TP63 in HGC-27 and BGC-823 cells, and the results revealed that the up-regulation of miR-140 expression in HGC-27 and BGC-823 cells dramatically inhibited the expression of both TP63 mRNA and protein.
As a member of the p53 family, p63 is encoded by the TP63 gene on chromosome 3q27. Similar to TP53 and TP73, TP63 encodes a sequencespecific regulatory protein, whose transcription leads to the activation of target genes involved in a variety of cellular pathways. However, unlike the p53 protein, p63 protein is not associated with tumor inhibition, yet plays a key role as a regulatory protein in craniofacial, epithelial and limb development [24] . So far, at least six different isoforms of p63 have been discovered. Three of these isoforms contain a transactivation domain (TAp63), whereas the other three isoforms do not contain (ΔNp63) [25] .
Asioli et al. demonstrated that p63 could potentially be used as a prognostic marker for Merkel cell carcinoma [25] . Recently, Hall et al. have shown that p63 expression is a risk factor closely related to a reduced rate of survival [26] . In another study involving 17 cases, an association between p63 expression and unfavorable prognosis in Merkel cell carcinoma (MCC) was revealed [27] . On the contrary, Lim et al. suggested that p63 expression was not significantly correlated with disease outcome, since positive p63 expression could only be observed in 9% of the patients [28] . The role of p63 as a prognostic factor has been studied in MCC using a multivariate model, which predicted that the p63 expression in MCC tumor cells was closely related to worse disease-specific survival and increased the mortality of MCC by approximately two-fold [29] . In this study, the effect of miR-140 on cell survival, cell apoptosis and cell cycle was investigated using MTT assay and cell cycle analysis, respectively, and it was found that the transfection of miR-140 mimics significantly increased the viability of HGC-27 and BGC-823 cells in a time-dependent manner. In contrary, the transfection of miR-140 inhibitor remarkably decreased the viability of HGC-27 and BGC-823 cells, also in a time-dependent manner. In addition, the number of HGC-27 and BGC-823 cells arrested at the G1 phase was much higher upon overexpression of miR-140, accompanied by a dramatically reduced number of cells at the S phase.
An earlier report has shown that gene expression could be impacted by SNPs situated in the miRNA binding site of its target genes [30] . The sequencing and bioinformatics-based analyses have predicted the location of SNP rs35592567 within a hypothetical binding site for miR-140-5p. Furthermore, it has been shown that, by impacting the binding of miR-140- 5p to the 3'-UTR of TP63, rs35592567 could lead to a reduced expression of TP63 [12] . It has also been that the rs35592567 SNP in the miR-140-5p binding site could reduce the expression of TP63 and reduce the risk of bladder cancer, thus explaining the role of a previous unidentified casual loci on 3q28 in GWAS of bladder cancer [12] .
Conclusion
The findings of this study demonstrated that TP63 is a direct target of miR-140. The presence of rs35592567 polymorphism within the 3'UTR of TP63 altered the expression of TP63 by modulating its interaction with miR-140. Finally, the rs35592567 polymorphism is found to be associated with the risk of GC in the Chinese population.
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